We have conducted a sensitive water maser search with the Australia Telescope Compact Array towards 267 1.2-mm dust clumps presented in the literature. We combine our new observations with previous water maser observations to extend our sample to 294 1.2-mm dust clumps, towards which we detect 165 distinct water maser sites towards 128 1.2-mm dust clumps. Within the fields of our observations, we additionally find four water masers with no apparent associated 1.2-mm dust continuum emission. Our overall detection rate of 44 per cent appears to vary as a function of Galactic longitude. We find that there is an excellent correspondence between the locations of the detected water masers with the peak of the target 1.2-mm dust clump sources. As expected from previous similar studies, the water masers are chiefly detected towards the bigger, brighter and more massive 1.2-mm dust clumps.
INTRODUCTION
To date there have been relatively few large-scale, unbiased surveys for water masers. Instead, searches have focused on high-mass star formation regions, typically tar-masers (e.g. Caswell 1998 ). This, coupled with the fact that the positions of the majority of southern hemisphere water masers are not known to sub-arcsecond accuracy, means that relatively little is known about the nature of sources that are able to produce luminous water masers.
Large-scale, unbiased surveys for water masers are hindered by the large amounts of time required, and the susceptibility of their observation to poor weather conditions. Further complications arise from the intrinsic variability of the sources which requires high positional precision in either the initial observations, or rapid follow up observations. Some systematic searches for water masers have been attempted (e.g. Matthews et al. 1985; Breen et al. 2007; but generally cover only very small regions of the Galactic plane. However, the observations of a relatively shallow, but large-scale single-dish survey for water masers have recently been completed, covering 100 degrees in longitude of the Southern Galactic Plane (Walsh et al. 2008 ) and the survey results are expected in the coming year.
Due to the difficulties associated with complete searches, attempts have been made to model water maser presence towards high-mass star formation regions, with the aim of gaining a more complete sample of water maser sources. These attempts have used particular observable properties of the high-mass star formation regions to make these predictions. Palla et al. (1991) modelled the probability of water maser presence on the basis of IRAS far-infrared colours. This model was tested by Palla et al. (1993) and resulted in a detection rate of around 5 per cent. This disappointing result is most likely due to the poor spatial resolution of the IRAS observations (30 arcseconds at 100 µm) which results in significant source confusion in crowded highmass star formation regions; demonstrating the need for high-resolution complementary data in the formulation of such models.
A systematic search for water masers of almost half a square degree of the G 333.2-0.6 giant molecular cloud (Breen et al. 2007 ) revealed a strong relationship between water maser presence and the bigger, brighter, more massive and dense 1.2-mm dust clumps (identified by Mookerjea et al. (2004) ), within the giant molecular cloud. From these observations, Breen et al. (2007) produced what appears to be a reliable statistical model for predicting which 1.2-mm dust clumps will and will not have an associated water maser. While the likelihood of water maser presence increases with increasing values of all dust clump properties tested, the simplest model with the greatest predictive properties was found to only include the dust clump radius. This model predicts that all 1.2-mm dust clumps of radius 1.25 pc (or higher) have a probability of 0.5 (or higher) of having an associated water maser.
While the model presented in Breen et al. (2007) is promising, the water maser survey observations on which this model was derived, were of comparatively low sensitivity (detection limit of ∼5 Jy or more in some regions). This, combined with the fact that the sample size was small, means that its validity cannot be determined before testing and refining it on a much larger sample. A reliable model relating the properties of 1.2-mm dust clumps to the presence/absence of water masers represents a unique tool for investigating questions such as the mass range of the stars that produce luminous water masers and the evolutionary phase they trace. Here we perform the necessary observations to test and refine the model developed in Breen et al. (2007) . Hill et al. (2005) present a catalogue of 404 1.2-mm dust clumps, a large but manageable sample, perfect for a targeted water maser search to test the current model. Hill et al. (2005) targeted their 1.2-mm dust continuum observations towards 131 regions that were suspected of undergoing massive star formation, using the presence of previously identified methanol masers and/or UCHii regions to select their targets. The observations were carried out using the SIMBA instrument on SEST (the 15 m Swedish ESO Submillimetre telescope) and detected emission directly associated with all but 20 of the methanol masers and nine of the UCHii regions targeted. Hill et al. (2005) also made a large number of serendipitous detections within the target fields.
Here we present new Australia Telescope Compact Array (ATCA) observations towards 267 of the Hill et al. (2005) dust clumps and supplement our observations with data taken from the literature (Breen et al. 2010b; ). Altogether we present water maser data towards 294 dust clump. Using the model of Breen et al. (2007) we find that few of these dust clumps have high calculated probabilities of water maser presence (only 58 have probabilities greater than 0.01). Breen et al. (2010a) present 12.2-GHz methanol maser observations targeting a number of these dust sources. This search for 12.2-GHz methanol masers, constitutes a nearcomplete sample within the sample of Hill et al. (2005) sources, since no strong 12.2-GHz emission is expected in regions lacking 6.7-GHz methanol maser emission. Since a number of the sources presented in Hill et al. (2005) are contained within the regions searched for OH maser emission by Caswell (1998) , a large subset of the 1.2-mm dust clumps have been searched for OH masers.
OBSERVATIONS AND DATA REDUCTION

Observations
The feasibility of this study was tested with observations using the University of Tasmania's 26 m Mount Pleasant radio telescope. All 404 1.2-mm dust clumps given in Hill et al. (2005) were targeted in these observations during 2007. An estimated 150 water maser sources were detected within the regions. An effort was made to locate the origin of the emissions by observing four-point grids around each of the targets and fitting a 2D-Gaussian to the relative amplitudes of the emission detected in each. Given the immense success in detecting water maser sources, together with the impossible task of confidently disentangling nearby sources and associating them with the 1.2-mm dust clumps (especially given the limited pointing accuracy of the instrument), we proposed to observe the sources with the ATCA. Using the ATCA has several advantages, foremost of which are the ability to obtain accurate positions and gain much greater sensitivity.
Successful ATCA observations were carried out in three different array configurations over four epochs; these are listed in Table 1 . For 137 of the 404 1.2-mm continuum sources observed by Hill et al. (2005) , observations at 22-GHz are not presented. The reasons for the omission of these 137 sources were chiefly due to their: proximity to a declination of zero degrees (where observations can be particularly troubling at the ATCA); location in the northern hemisphere; lack of reported dust characteristics; or because the weather conditions they were taken in were too poor to result in reliable data. Observations of an additional 27 1.2-mm dust clumps were not necessary since they are associated with water masers reported to good positional accuracy in the literature. In total, we successfully searched 267 1.2-mm dust clumps for water maser presence with the ATCA. For all observations the field of view of the telescope is almost 5 arcmin, and the full width half maximum of the primary beam is 2.3 arcmin. Observations were carried out in groups of sources in the same neighbourhood so as to decrease overheads and allowing reference pointing observations to be carried out efficiently. Pointings were carried out on a strong continuum source, located within ∼20 degrees of the target sources, approximately every hour. Using this method, the pointing is usually accurate to 5 arcsec, compared to about 20 arcsec when no pointing observations are carried out.
Targets were observed in a series of cuts, interspersed with phase calibration observations. At all epochs of observations only a single linearly polarised signal was recorded. The general observation strategy differed depending on the array and weather conditions, but in general, nearby sources were grouped together and bracketed by phase calibration observations carried out on a compact continuum source, located not more than 10 degrees from the targets. The time spent observing the targets and the time between phase calibration was tailored to most efficiently observe the targets in the allocated time on the ATCA. The average strategy was to observe each target field for 10 minutes, over five cuts, with phase calibration (onsource for 1.5 minutes) carried out every 10 minutes. In general, these observations have allowed 5-σ detections to be made at the 150 -200 mJy level in the central section of the beam. For some sources, integration times were adjusted depending on the scheduled time allotment, and due to this the sensitivity limit may be either slightly lower or slightly higher (these are listed in column 10 of Table 2 ).
On each observing day, observations of a bandpass calibrator were completed. Two different sources were used; PKS B1253-055 and PKS B1921-293, both are strong at 22 GHz and are usefully observable at high elevations near the beginning and end of the time that the Galactic plane is visible, respectively. Primary flux calibration is with respect to observations of PKS B1934-638, which were also carried out daily.
Details of the the observations carried out in each of the array configurations are given below. Descriptions of the correlator configurations (and therefore spectral resolution and velocity coverage) and individual observation strategies are also given in this section.
H75
The first series of observations were carried out in the most compact ATCA configuration, H75. Primarily, observations of sources located near declination zero were intended for this array configuration, but we were able to observe some additional, early rising sources in a Director's time allocation prior to our scheduled time on 2007 October 9.
For these observations the correlator was configured to record 1024 channels across a bandwidth of 16 MHz for a single polarisation. This correlator configuration allowed for a channel spacing of 0.21 km s −1 , corresponding to a velocity resolution of 0.25 km s −1 . The velocity coverage of these observations was just over 200 km s −1 . In these observations, target sources were observed for 10 minutes each, over a series of five cuts (in general) spread over several hours. Observations of a phase calibrator source were carried out every 8 -14 minutes.
H214
Water maser observations were carried out in the H214 hybrid configuration over two epochs. The first epoch was during 2007 December 7 and included only one source (G 213.705-12.597 ) which was observed as part of a multifrequency study of the masers associated with nearby star formation region Mon R2. The adopted correlator configuration for these observations were very different for this source, using a bandwidth of 4 MHz and 1024 channels. In this configuration the velocity coverage is limited to ∼50 km s −1 , but the spectral resolution is increased to 0.06 km s −1 . The main series of observations carried out in this array configuration were completed in 2008 July. For these observations the correlator was configured to record 512 channels over a bandwidth of 32 MHz for a single polarisation. We made this change in correlator configuration, as from our first series of observations, it was clear that for some sources we were unable to observe the full extent of the velocity range of the emission. In these observations we made a sensible compromise, forgoing additional spectral resolution for twice the bandwidth. The resultant velocity coverage is over 400 km s −1 and the spectral resolution is 1.0 km s −1 . The average strategy for these observations was to observe each source for 12-14 minutes over 6-7 cuts of 2 minutes each spaced over several hours. Phase calibrator observations were completed approximately every 13 minutes.
6B
The final series of observations was carried out in a 6B array in 2008 August. The correlator was configured as for the observations carried out in the H214 array, giving a velocity 4 S. L. Breen & S. P. Ellingsen coverage of more than 400 km s −1 , and a spectral resolution of 1.0 km s −1 . Similar to the other observations, the observing strategy for observations in this array saw sources observed as a series of 2 minute cuts spaced over several hours. On average, sources were observed seven times, giving onsource integration times of 14 minutes. Observations of a phase calibrator were conducted approximately every seven minutes.
Data reduction
All ATCA data were reduced using the miriad software package (Sault, Teuben & Wright 1995) , applying the standard techniques for ATCA spectral line observations. Image cubes of the entire primary beam and usable velocity range were produced for each source. The flux densities of sources that were located away from the centre of the primary beam have been corrected to account for beam attenuation using the miriad task 'linmos'. Both vector and scalar average spectra of the calibrated uv-data were inspected for each of the targets and cross checked with the emission identified in each of the image cubes. Spectra for each of the detected sources were produced by integrating the emission in the image cubes. The typical resultant rms noise in each spectrum was 25 -40 mJy for sources located near the centre of the beam.
The typical synthesised beam sizes experienced in each of the array configurations are listed in Table 1 . In both of the hybrid configurations (H75 and H214), data from the 6 km antenna (antenna 6) was not included in the data reduction. The adopted water maser rest frequency was 22235.07985 MHz. et al. (2005) presented a catalogue of 404 1.2-mm dust clumps. Towards 294 of these clumps, we present water maser data and compare our detections with the derived probability of water maser presence (using the model presented in Breen et al. (2007) ). Most of the water maser data presented are new observations (132 of 165 water masers), however, where appropriate, data from Breen et al. (2010b) , and has been used to minimise repetition of observations. Table 2 shows the targeted 1.2-mm dust clumps, along with their calculated probability of water maser presence, followed by the water maser data. We find a total of 165 water maser sources towards 128 of the 1.2-mm dust clumps. Spectra of each of the 132 water masers detected in our current observations are presented in Fig. 1 and are essentially ordered as the 1.2-mm dust clumps presented in Hill et al. (2005) (in order of increasing right ascension) unless there was a need for nearby sources to be vertically aligned. For the majority of sources, a velocity range of 200 km s −1 is shown, however, this has been reduced to 100 km s −1 for sources observed in the H75 configuration of the ATCA (which were carried out with a smaller bandwidth) and for one source, G 213.705-12.597, a velocity range of 40 km s −1 is shown (this source was observed with 4 MHz bandwidth). Confusion from strong nearby sources are marked on the individual spectra, except where they are present as features of negative intensities. In some spectra, where confusing features from multiple nearby sources are present, we use an 'X' to indicate that those features are not associated with the presented source. A consequence of the relatively coarse spectral resolution of our observations, combined with the often strong and relatively narrow water maser features, is that 'ringing' is present in a number of spectra.
RESULTS
Hill
A number of the sources that we detect have been previously presented in the literature (e.g. Johnston et al. 1972; Caswell et al. 1974; Kaufmann et al. 1976; Genzel & Downes 1977; Batchelor et al. 1980; Braz & Scalise 1982; Braz & Epchtein 1983; Caswell et al. 1989; Hofner & Churchwell 1996 , and references therein). However, the majority of these observations were conducted 20 or more years ago, with relatively poor positional accuracy. When combined with the often extreme variable nature of water maser sources, the task of identifying our sources with those in the literature is therefore fraught with difficulties. Since the only certain way to match up sources with those in the literature is by position, we only compare our detections with observations of comparable positional accuracy.
Several of the sources that we detect have been observed in interferometric observations (e.g. Breen et al. 2010b; Caswell & Phillips 2008; , allowing us to compare our positions and therefore assessing our positional uncertainties. In general, our positional agreement with previous observations is excellent, sometimes better than 0.5 arcsec, but consistently within 2 arcsec. Breen et al. (2010b) present a more extensive assessment of the positional uncertainties of their water maser observations carried out with the ATCA and conclude that perhaps the largest contributor to the uncertainty was the tendency for the water maser spots to be spread out and the difference between measuring a slightly different feature at a different epoch. Here we similarly find that this is the case, and therefore expect the positional uncertainties of the water masers that we present to be accurate to 2 arcsec.
Another facet of this assessment allowed us to determine the effect that the synthesised beam has on the positional accuracy of the sources. As can be seen in Table 1 , the beam sizes resulting from the hybrid configurations are much larger than that of the more extended 6B array. Comparisons with other measurements shows that even when the beam is large, accurate positions can be derived, since it is rarely the case that two sources show emission at the same velocities and are spatially separated by less than a synthesised beam. The much smaller beam of the 6B array has allowed for some water maser sites to be broken up into individual components, although it is likely the case that very close companions are intimately associated with the same exciting source.
Notes on some individual sources are presented in Section 3.1. We find that there is an excellent correspondence between the locations of the detected water masers and the 1.2-mm dust sources and this is discussed further in Section 4.3. In addition to the water masers that we detect towards 1.2-mm dust clumps, we detect four water maser sources that seem not to be associated with any dust continuum emission and these are discussed in Section 3.2. Table 2 . Target 1.2-mm dust clumps, probability of water maser association, followed by a description of the water maser observations including any detections. Columns 1-3 give the 1.2-mm dust clump name followed by the right ascension and declination (Hill et al. 2005) and column 4 shows the calculated probability of water maser presence (using the model derived by Breen et al. (2007) ). Column 5 gives information about the ATCA array configuration used in the water maser observations followed by the epoch. In some cases, data is taken from Breen et al. (2010b) which is marked in column 5 with a 'BCEP' followed by the year of the observations. This format is also followed for sources taken from (CB) and (FC) . Columns 6-13 give details of the water masers detected towards the dust clumps (which in some cases is more than one source), as well as 5-σ detection limits where no source is detected, specifically; column 6: water maser Galactic coordinates; column 7: water maser right ascension; column 8: water maser declination; column 9: separation between water maser and 1.2-mm dust clump peak (arcsec); column 10: water maser peak flux density (Jy) or if preceded by '<' the 5-σ detection limit (mJy); column 11: velocity of the water maser peak emission (km s −1 ); column 12: velocity range of either the detected emission, or the observed velocity range if no detection; and column 13: integrated flux density of the water maser emission (Jy km s −1 ). Column 14 presents notes related to the sources, which in most cases are further discussed in Section 3.1 (note the following abbreviations: BS(RS) -indicates that the source is dominated by a blue(red)-shifted feature.)
Dust clump
Water 
Individual sources
Here we draw attention to sources that we were unable to adequately describe in Table 2 . Close neighbouring water masers are discussed, as well as sources with surprising velocities and intriguing histories. For some sources, associations with other maser species are also discussed.
G 213. 705-12.597 . This water maser is located in a nearby star formation region, Mon R2. Associated with this star formation region are many maser species, including 6.7-and 12.2-GHz methanol, main-line OH, and some excited OH maser transitions. Of particular interest is the excited OH maser at the 4765-MHz transition; these sources are very rare (only about 20 known in the Galaxy) and this source is by far the strongest known at this transition. Furthermore, the emission from this 4765-MHz OH maser undergoes flaring activity that has not been seen in any other maser of this type (Smits 2003; Smits, Cohen & Hutawarakorn 1998) .
G 284.351-0.418. This source is also presented in Breen et al. (2010b) as it is coincident with an OH maser (Caswell 1998) , although is named G 284.350-0.418, due to a slight difference in measured position affecting the rounded Galactic coordinates. In Breen et al. (2010b) , spectra from two epochs are shown to display the typical level of variability seen in the water maser sources. When the 2003 and 2004 spectra are compared to our current observations, it can be seen that the source has once again varied by a moderate level and has increased in peak flux density by about a factor of 2.
G 291.271-0.719, G 291.274-0.709 and G 291.284-0.716. These three sources are also listed in Breen et al. (2010b) since they all fall within the field of a target OH maser source. Caswell & Phillips (2008) also observed this group of sources, and remark that the strongest source, G 291.284-0.716, is a member of a distinct class of sources that are dominated by strong blue shifted outflows. In fact, maser emission has never been detected at the systemic velocity of the source (to a limit of 0.3 Jy in these observations), which is around 100 km s −1 from the detected emission. The location of G 291.284-0.716 is very close to the edge of the 1.2-mm dust clump emission, unlike the majority of sources. Table 2 we present the median of the positions measured for the individual features. This source is clearly separated from G 291.579-0.434, which is located more than 10 arcsec away.
G 301.136-0.226. As noted in Breen et al. (2010b) , emission from this source is significantly spread. In the observations carried out in 2008 July, we observe individual maser components spread over almost 5 arcsec. An OH maser is located within the spread of the water maser emission (Caswell 1998 Breen et al. (2010b) ) an additional, broader feature of more than 100 Jy was also detected and has disappeared intervening interval.
G 0.546-0.851b. This water maser falls within a cluster of three distinct water maser sites and has a velocity range that exceeds 170 km s −1 . The emission extends almost symmetrically about the peak water maser emission.
G 5.513-0.255. Like G 291.284-0.716, this water masers lies unusually close to the edge of the 1.2-mm dust clump emission that was observed by Hill et al. (2005) . No other similarities between the sources are evident. This source is very weak and shows emission close to the likely systemic velocity of the region, while G 291.284-0.716 is very strong and is a dominant blue-shifted source.
G 8.727-0.395. This water maser is clearly projected against 1.2-mm dust continuum emission on inspection of the corresponding dust map of Hill et al. (2005) , although no dust clump is reported at this position. It is likely that this source was omitted from the catalogue of Hill et al. (2005) in error. G 12.209-0.101, G 12.429-0.048, G 12.720-0.218 and G 13.874+0.281. These four well separated water maser sources all exhibit water maser emission at only negative velocities. From the velocities of nearby methanol masers, systemic velocities in this region of the sky would be expected to be between 20 -60 km s −1 . Therefore these sources are all potential candidates for the class of sources that are dominated by blue-shifted emission.
Water masers with no apparent associated dust continuum emission
In addition to the water maser sources presented in Table 2 and Fig. 1 , we detect several other sources which are of special interest. While an exhaustive attempt to search for water maser emission beyond the boundaries of the 1.2-mm dust clumps was not made, here we list the additional water maser sources that were identified. Interestingly, we find four water maser sources that appear not to be associated with any 1.2-mm dust clump emission and these are presented in Table 3 all of the target 6.7-GHz methanol masers and UCHii regions, but for 20 of the methanol masers and 9 of the UCHii regions there is no spatially coincident dust continuum emission. Investigation by Hill et al. (2005) showed that these sources appeared to be no different to those where 1.2-mm dust continuum was detected. Since the presence of 1.2-mm dust clump emission indicates the presence of cold, deeply embedded sources, two of the possible explanations put forward by Hill et al. (2005) are that these sources are more evolved and hence no longer in the cold core phase, or, perhaps they are less massive.
We have investigated possible mid-infrared counterparts for these four sources by comparing their locations with products from the GLIMPSE survey. All are projected against regions of extended infrared emission, and two sources (G 19.612-0.120 and G 23.455-0.201) are coincident to within 1 arcsec of a GLIMPSE point source. Interestingly, the two sources with associated point sources are also associated with methanol masers. This suggests that these two sources may be located at the far distance and consequently were not detected in 1.2-mm dust continuum due to sensitivity limitations. The nature of the other two sources is more confusing and certainly warrants future investigation. Unlike 6.7-GHz methanol masers, water masers have been detected towards both evolved and low-mass stars. Their presence in locations devoid of 1.2-mm dust continuum emission is therefore much more easily accounted for than methanol masers. Comments on each of these four water masers are given below.
G 305.248+0.195. This water maser is separated from the boundary of the nearest dust clump by more than an arcminute.
This source falls beyond the latitude range completely searched for the presence of water maser emission by which was focused on a region bounded by a longitude range of 305.0 -306.26
• and ± 0.15
• latitude. A total of 23 water maser sources were detected in this portion of the Galactic plane. Analysis of the masers found in this area, along with another region (longitude range of 311.0 -312.18
• latitude) showed a surprising preponderance of sources with highly blue-shifted emission. Investigation by led to a suggestion that these water masers represent a population of sources that are tracing a very early evolutionary stage, perhaps preceding the stage where 6.7-GHz methanol masers are seen.
Interesting, G 305.248+0.195 only shows emission at a blue-shifted velocity of -95 km s −1 (nearby methanol masers detected in the Methanol Multibeam Survey exhibit peak velocities between -40 and -30 km s −1 ), and therefore adds to the already high number of blue-shifted sources in this region of the Galactic plane. However, the interpretation that such sources may be very young directly contradicts one of the suggestions given by Hill et al. (2005) as to why some sources are devoid of 1.2-mm dust continuum emission -that they are more evolved. Alternatively, it is possible that this water maser is associated with a low-mass object, although a high velocity feature > 50 km s −1 from the systemic velocity of the region would be unusual for a low-mass star.
G 19.612-0.120. This water maser is coincident with one of the methanol masers from Walsh et al. (1998) that was targeted by Hill et al. (2005) , but is also offset from the boundary of the nearest dust clump by about an arcminute. Green et al. (2010) present evidence suggesting that this methanol maser is located at the far distance, which would limit the sensitivity of the 1.2-mm dust continuum observations, but not to the extent that no detection of dust continuum emission would be expected. G 23.397-0.219 and G 23.455-0.201 . Both of these water masers fall within the one dust continuum emission map, but neither are directly associated with any detectable dust continuum emission. The first source is apparently solitary (i.e. without any associated UCHii region or 6.7-GHz methanol maser emission), but the second source appears to be coincident with an UCHii region reported by Walsh et al. (1998) .
DISCUSSION
Detection statistics
Altogether, we find water maser emission towards 128 of the 294 1.2-mm dust clumps, equating to a detection rate of 44 per cent. Investigation of the detection rate of water masers towards 1.2-mm dust clumps shows some variation with Galactic longitude. The water maser detection rate towards dust clumps located between longitudes of 213 and 333 degrees is 55 per cent (51 of 93), compared with 38 per cent (77 of 201) for the longitude range 0 to 38 degrees. Although not covering exactly the same longitude ranges, it is curious to note that the detection rates of 12.2-GHz methanol masers in the longitude range 270 to 305 degrees were significantly lower than in other parts of the Galaxy . If it were the relative distances that were affecting our detection rates then, if anything, we would expect to have a lower detection rate in the 213 to 333 degree longitude region as we would expect relatively more dust clump detections in these regions. Since our maser observations are of a high sensitivity we would expect a minimal detection rate dependence on distance. and completed systematic searches for water masers within three regions of the Galactic plane. They show that there is a large difference in the water maser population densities within these regions, suggesting that local factors have an effect on the detection statistics. It is therefore possible that there are broader localised effects contributing to our detection statistics here. This warrants further investigation, but is beyond the scope of this paper.
Characteristics of the detected water masers
Velocity ranges and flux densities of the complete sample
The average velocity range of the 165 water masers is 26 km s −1 and they have a median velocity range of 13 km s −1 . In comparison, the average velocity range of the 379 water masers detected by Breen et al. (2010b) is 29 km s −1 and they have a median velocity range of 15 km s −1 . While these numbers are quite similar, it is intriguing that velocity ranges of the sources that are potentially biased towards more evolved sources (Breen et al. (2010b) chiefly targeted their observations towards OH masers) are, in general, larger than those detected towards the sample of dust clumps. Breen et al. (2011) presents evidence that suggests that both the 6.7-and 12.2-GHz methanol maser sources show an increase in velocity range as the sources evolve. Although complicated by the presence of high-velocity features, we have carried out a similar analysis on the water masers in Section 4.2.2.
Further evidence that these water masers are less biased towards more evolved sources lies in the average and median flux density of the detected sources. Breen et al. (2010b) present evidence that the water masers increase in flux density as the sources evolve. The average flux density of the water masers detected towards the dust clump sample is 39 Jy and they have a median of 4 Jy which are both lower than the average (57 Jy) and median (5 Jy) flux density of the sources presented in Breen et al. (2010b) . This suggests that in the dust clump sample, we have detected water masers over a broader range of evolutionary stages. Hill et al. (2005) determined associations between their 1.2-mm dust clump sources and the 6.7-GHz methanol masers and UCHii regions (detected at 8 GHz) towards which their observations were targeted. We have made an investigation of the number of dust clumps, with and without associated water masers, that Hill et al. (2005) have designated as being: 'mm-only' cores (i.e. sources without associated radio continuum emission or 6.7-GHz methanol masers); associated with 6.7-GHz methanol masers; associated with both 6.7-GHz methanol masers and radio continuum; and finally, those associated with only radio continuum. In all of our statistical analysis, 293 of the 294 targets for water masers have been included (omitting a single source which is missing values for some dust clump properties). Table 4 shows a summary of the categories of dust clumps where we detect the water masers, as well as the water maser detection rate in each category. We find an overall water maser detection rate of 44 per cent towards the targeted dust clumps, and this number falls to 23 per cent for the 'mm-only' dust clump sources. The highest water maser detection rates are towards those dust clump sources that exhibit methanol maser emission, closely followed by those dust clumps showing only radio continuum emission. It can be seen that there are many more dust clump sources showing only water masers (41), than those showing only methanol masers (13). While some fraction of these 1.2-mm sources that show only methanol masers are likely to have associated water masers that were below our detection limits at the time of observation, it seems unlikely that this could be the case for all of them (by considering the statistics of detectability for the two epochs of water maser observations presented in Breen et al. (2010b) ). However, these sources will provide interesting targets for further water maser observations. Hill et al. (2005) suggests that their 'mm-only' cores may represent an earlier evolutionary phase than those sources showing methanol maser emission. If this is the case, these numbers certainly imply that water masers can be present even earlier than methanol masers. A supporting argument for water masers having a longer lifetime than that of methanol masers is that water molecules are both Table 4 . Water maser detection rates in each dust clump category (from Hill et al. (2005) ): 'mm-only' (those sources showing no associated methanol maser or radio continuum emission); associated methanol masers (meth); associated with both methanol masers and radio continuum associations (meth+cont); and associated continuum (cont). These numbers have been presented in two categories; those dust clumps with no detectable water maser emission, and those where we have detected water masers. The fourth column shows the water maser detection rate (per cent) in each of the categories. more easily created and more robust than methanol, which is consistent with our interpretation. An alternative explanation for the higher number of dust sources showing only water masers (than only methanol masers) is that a number of these additional water masers are associated with lower mass objects. Comparing the dust clump properties in each of the association categories offers no evidence for there being any systematic differences between the groups which may result if a large number of these sources were lower-mass objects.
Association with other maser species and radio continuum
We have investigated the water maser characteristics in each of the dust clump association categories. Table 5 presents the average and median values of both the water maser peak flux density and the velocity range. Like the methanol masers presented by Breen et al. (2011) , we find that there is a general gradient which trends from lower values of both flux density and velocity range for the (probably) younger sources to higher values for the more evolved sources. This trend progresses through the categories as follows: those associated with 'mm-only' sources, to those with methanol masers, and then to those with methanol masers and radio continuum (Breen et al. 2010a; Hill et al. 2005) . The exception to this trend is the last stage, where only radio continuum is seen.
If the numbers presented in Table 5 are representative of the larger population of water masers, then they imply that, while the water masers increase in flux density and velocity range as the sources evolve, towards the end of their lifetime this trend 'turns over' and they steadily decrease in both flux density and velocity range, presumably decreasing until the maser emission ceases. This is contrary to that seen in the case of methanol masers ), which seem not to experience any downwards trend, implying that they switch off much more abruptly.
Comparing the luminosities of the water masers (calculated using the near distances presented in Hill et al. (2005)) with the velocity ranges of the water maser sources, similarly shows an increase in both luminosity and velocity range through the different association categories from least to most evolved. However, there is significant overlap be- tween the values within each association category. A high level of scatter is expected when considering water masers, since a number of sources show high velocity features and it is not clear that these are restricted to a certain evolutionary stage. Also, the sources that are associated with only 8 GHz radio continuum are scattered throughout the range of values that are associated with the sources in other categories, but none have large values of luminosity, and very few have large velocity ranges. These findings are consistent with those conclusions drawn from the average values that are presented in Table 5 where peak flux densities are considered.
4.2.3
Comparison between water maser luminosity and 1.2-mm dust clump H2 number density Breen et al. (2010a) shows that the H2 number density of the 1.2-mm dust clumps decreases as the sources evolve. Although, as noted by Breen et al. (2010a) , the apparent change in density might be a consequence of the constant temperature assumption applied by Hill et al. (2005) in their calculations and consequently the difference in densities might instead represent an increase in temperature. In either case, the changes to the physical properties of the source are consistent with evolution. In Fig. 3 we present the log of the integrated water maser luminosity versus the log H2 number densities of the associated 1.2-mm dust clumps. This plot show a slope that is consistent with the findings of Breen et al. (2010a) and those previously presented in this section -that the more luminous water masers are more evolved and that these are associated with the less dense 1.2-mm dust clumps and vice versa. Table 6 compares the computed slopes and intercepts of the line of best fit of the log luminosity 6.7-and 12.2-GHz methanol masers, along with the water masers versus the H2 number densities of the associated clumps.
Inspection of the values listed in this table show firstly (as previously stated) that the 6.7-GHz methanol masers increase in flux density more rapidly as they evolve than the associated 12.2-GHz sources, and, as shown by the larger intercept, are generally stronger than the 12.2-GHz sources. Interestingly, the values associated with the water maser sources imply that the water masers also increase in flux density less rapidly than the 6.7-GHz methanol masers as they evolve and are also weaker in general at a given H2 number density (than the sample of 6.7-GHz methanol masers). However, it is difficult to determine which of the maser species are present at the earliest evolutionary stage of high-mass star formation and therefore which species shows stronger emission at a given evolutionary stage.
Water maser variability
Water masers are known to exhibit extreme variability over relatively short timescales (e.g. Felli et al. 2007 ). The water maser observations presented in Breen et al. (2010b) were completed, in many cases, twice with the observation epochs separated by ∼10 months. Additionally, carried out a double epoch search for water maser emission of two small regions of the Galactic plane. Since the observations presented here were completed only once, we cannot directly determine the level which maser variability has affected our results. Instead, we derive predictions about the completeness of these observations by comparing this sample with the findings of Breen et al. (2010b) and . Breen et al. (2010b) finds that 17 per cent of the 253 water maser sources that were observed at two epochs were only detectable at one of these epochs. found similarly that 16 per cent of the 32 sources that they detected in their double epoch complete searches were detectable only once. If we simply apply the larger percentage (i.e. 17 per cent) to our current sample, it might be expected that ∼34 additional water maser sources would be detected if a second epoch of observations were conducted towards the target 1.2-mm dust clumps. Since we detect 165 water masers towards 128 1.2-mm dust clumps, we would perhaps expect that these additional sources would be detected towards a further 26 1.2-mm dust clumps.
However, the situation is a little more complex than this. It is not clear if the role of variability would result in many more dust clumps being recognised as being associated with water masers, or alternatively that different water maser sources would be detected at different epochs towards the same dust clump. It is likely that both would be true, that is, that some number of water masers would be detected towards additional 1.2-mm dust clumps and that some additional/different water masers would be detected towards 1.2-mm dust clumps where we have detected water masers.
Location of the water masers in the 1.2-mm dust clumps
Analysis of the locations of the water masers with respect to the 1.2-mm dust clump peak, as reported by Hill et al. (2005) , shows that there is excellent correspondence between their locations. The 1.2-mm dust continuum maps of Hill et al. (2005) have 8 arcsec pixels, and the listed peak positions are just the central position of the peak pixel. On average, we find that the separation between the water maser positions and the associated dust clump peak is 13 arcsec and that the median separation is 8 arcsec. It is therefore likely that, in the majority of cases, the water masers are very closely associated with the peak 1.2-mm dust clump emission. Fig. 4 shows a histogram of the separations between the dust clump peak and the detected water masers. All water masers that were separated by more than ∼30 arcsec from the dust clump peak were further investigated by comparing the reported dust clump peak position with the dust maps presented in figure A1 of Hill et al. (2005) and the water maser positions. We find in just over half of these cases (11 of 19) there is an obvious error in the reported dust clump position which has lead to an apparently large separation from the water maser position. In the worst examples, the reported dust clump peak is located beyond the boundary of the respective clump. Even though Hill et al. (2005) publish images of their 1.2-mm dust clumps, the resolution (and contrast) is insufficient to enable us to determine better positions independently. Given the obvious problems with some number of the dust clump peak positions which erroneously result in some of the most extreme separations between the peak of the clump and the associated water maser, it is likely that the actual average and median separations between the peak of the dust clumps and the associated water masers would be even smaller, perhaps comparable to the pixel size.
We have compared the locations of the water masers with respect to the location of their associated dust clump peak and the peak flux density of the maser sources. It is evident that very few of the water masers that are truly significantly offset from the peak of the dust clumps have flux densities that are greater than a few Jy. The possible corollary, that most of the water masers that are located far from the dust clump peak are relatively weak, needs further investigation.
4.4 Assessing the current model of water maser presence in 1.2-mm dust clumps Breen et al. (2007) created a model for water maser presence towards 1.2-mm dust clumps which was derived from observations of the 1.2-mm dust continuum emission (Mookerjea et al. 2004 ) and water maser observations that they completed within the G333 giant molecular cloud. By determining which 1.2-mm dust clumps were associated with water masers as well as those that were devoid of water maser emission, Breen et al. (2007) fitted a Binomial Generalized linear model to the maser presence/absence data, using the 1.2-mm dust clump properties as predictors. They found that the simplest model with the greatest predictive properties was based only on dust clump radius.
We have used the model derived by Breen et al. (2007) to calculate the probability of water maser detection for each of the dust clumps presented in Hill et al. (2005) that have dust clump radius measurements. For a number of dust sources presented in Hill et al. (2005) there is a near-far distance ambiguity. In these cases, we have assumed the near distance for consistency with analysis completed by Breen et al. (2010a) . However, we note that in this instance this assumption might be particularly hazardous, since the predictive model relates only to 1.2-mm dust clump radius which is highly influenced by the adopted distance measurement.
Using the model for water maser presence associated with 1.2-mm dust clumps, it was determined that only 58 of the 294 dust clumps considered in this analysis, had a probability of 0.01 or greater of having an associated water maser. Probabilities for individual dust clumps are presented in Table 2 . Comparison between the calculated probability of water maser and the actual detections shows that the model described in Breen et al. (2007) is promising. The average probability of water maser presence in the 128 1.2-mm dust clumps where water masers are detected is 0.10, and has a median value of 0.00081. In comparison, for the dust sources where we detect no water maser emission, the average probability of water maser presence is 0.027 and has a median value of 0.00026. An alternative description of these statistics is that, of the 27 1.2-mm dust clumps which had a calculated probability of ≥0.1, 20 yielded water maser detections. If the considered probability is lowered to be ≥0.01 then the number of predicted clumps is increased to 58 and the number of clumps with detections is 39. It is therefore clear that the model is picking up a high detection rate for the sources with high calculated probabilities, however, given that we detect water masers towards 128 dust clumps, it is also clear that the model is failing to return high probabilities of water maser presence in around two thirds of the clumps with detections.
Given that the original model was derived from a sample of water masers that were detected in a complete search with a relatively poor sensitivity limit (≥5 Jy), the obvious property to investigate is the relative flux density of the detected water masers. It might be expected that there would be a trend whereby the water maser detections towards the 1.2-mm dust clumps with high association probabilities have higher flux densities, given the nature of the data on which the model was derived. The average flux density of the water maser sources detected towards dust clumps with a probability of 0.01 or higher (58 water maser sources) is 48 Jy and these sources have a median flux density of 6 Jy. In comparison, the average flux densities of the water masers detected towards clumps with a lower calculated probability is 33 Jy, with a median flux density of 3.5 Jy. It is possible, therefore, that the current model is biased towards predicting correctly the presence of the stronger sources. However, more likely, is that the sources with very low probabilities are dominated by far distance sources which accounts for the lower average flux density (which would also mean that their probabilities have been under estimated).
Another obvious factor to consider is the high degree of dependence on distance measurements. Since the origi-nal model was derived from sources located within the one GMC with a well constrained distance measurement, the poorly determined distances towards most star formation regions did not affect the generation of this model. The model for water maser presence associated with dust clumps uses only the radius of the dust clump in order to calculate the probability. As previously discussed, we have assumed the near distance reported by Hill et al. (2005) for sources with distance ambiguities. It is clear that this is an unreliable assumption, especially since our search is of high sensitivity which reduces the likelihood of any significant detection dependence on distance. It would be expected that the split of near and far distance allocations should be approximately even (or maybe even favour the far distances due to the large volume). Inspection of the characteristics of some of the dust clump sources that have low calculated probabilities, yet have associated water masers, shows that if the far distance was used the calculated probability would be high (in many cases >0.3). The increase in radius that results in a change from near to far distance does not result in a high probability in water maser presence in all of the dust clump sample, especially those with no detected associated water masers.
If our assertion, that the poorly constrained distance measurements are adversely affecting the predictive capabilities of the model, is correct, then the distribution of the clump properties should support this. If, for example, we inspect the peak flux density of the 1.2-mm dust clumps with associated water masers and calculated probabilities of > 0.01, they should not be any different from the sample of 1.2-mm dust clumps with associated water masers and calculated probabilities of <0.01. But, they are in fact different. The average peak flux density of the clumps with calculated probabilities of >0.01 (and have associated water masers) is 2.8 Jy beam −1 , whereas the average of those clumps with lower than expected calculated probabilities (<0.01) is 1.4 Jy beam −1 . Again, the most likely explanation for this is that a number of the 1.2-mm dust clumps which have low calculated probabilities, but yet have an associated water maser, are located at the far distance. This means that the seeming downfall of the model to allocate high probabilities to a number of the 1.2-mm dust clumps where we detect water masers may be eradicated if accurate distance measurements were obtained.
Fitting
Binomial general linear models to the new water maser and 1.2-mm dust clump data While the current model for water maser presence in 1.2-mm dust clumps is promising, we have repeated the analysis carried out by Breen et al. (2007) with the much larger sample presented here. However, two important considerations are: firstly, the adoption of the near distance measurements for the sources with distance ambiguities; and secondly, that the 1.2-mm dust clumps in this sample were not detected in a systematic manner (unlike the observations of Mookerjea et al. (2004 ) used in Breen et al. (2007 ), although given the high number of additional 1.2-mm dust sources found within the fields of the target sources this is probably not detrimental to the analysis. We have fitted a Binomial generalized linear model to the water maser presence/absence data, using the 1.2-mm Breen et al. (2007) . All but one of the targeted 1.2-mm dust clumps were included in this analysis. The source that has been excluded is G 6.60-0.08 as Hill et al. (2005) suggest that the derived mass of this source is uncharacteristic of high-mass star formation regions. For each of the 1.2-mm dust clumps, all of the derived clump properties were tested: the integrated flux density (Jy), peak flux density (Jy beam −1 ), source full width at half maximum (FWHM) (arcsec), distance (kpc), mass (M⊙), radius (pc) and H2 number density (cm −3 ). In the following sections we consider p-values of less than 0.05 to be statistically significant (i.e. the hypothesis that the single term model provides no better fit than the null model consisting only of an intercept is rejected when the p-value is less than 0.05).
Firstly, all dust clump properties were tested to see if individually they could give an indication of the likelihood of associated water maser presence. This was done by fitting a single term addition Binomial model to each property (or 'predictor') and showed an increasing probability of the presence of water masers associated with increasing values of dust clump integrated flux density, peak flux density, FWHM, mass and radius (shown in Table 7 ). This result is similar to that found when investigating methanol masers (Breen et al. 2010a) , and means that any one of these dust clump properties can give an indication of the likelihood of finding an associated water maser. Box plots of each of the dust clump properties broken up into the categories of 'n' and 'y', referring to those clumps with no associated water maser, and those with an associated water maser, respectively, are presented in Fig. 5 . These box plots show graphically the same information as the results of the single term additions; that lower values of the dust clump properties; integrated and peak flux density, FWHM, mass and radius, are associated with the 1.2-mm dust clump sources with no associated water maser emission, compared to those associated with water maser emission.
After determining the predictive capabilities of individual dust clump properties, stepwise model selection was used to create the simplest model with the greatest predictive power. This method considers all of the dust clump properties and tries to maximise the predictive properties while 
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Water maser presence Density(atoms cm 3 ) Figure 5 . Box plots of the 1.2-mm dust clump properties split in the categories of yes and no, referring to the presence of water maser emission. There is a statistically significant difference between the two categories in the 1.2-mm dust clump integrated and peak flux density, mass, FWHM and radius. This information is the graphical display relating to the information in Table 7 . Note that source G 23.960+0.137 has been removed from these plots, since is is more than twice as dense as all of the other sources shown on the plot and therefore is an extreme outlier.
trying to minimise the number of terms (and therefore dust clump properties). The resultant model contains only two dust clump properties; peak flux density and FWHM. The estimated regression relation is log pi 1 − pi = −1.564 + 0.995x Peak + 0.012xFWHM, where x Peak is the peak flux density, xFWHM is the source FWHM, and pi is the probability of finding a water maser towards the i th 1.2-mm dust clump. The regression summary of this model is shown in Table 8 . In contrast to the previ- ous dataset where a model based on dust clump radius (pc) was found to be best, the current dataset uses dust clump peak flux density and FWHM (arcsec). As can be seen in Table 8 , the dust clump peak flux density is the most influential term, indicated by the large standard error relative to the coefficient of the dust clump FWHM together with the large p-value.
The misclassification rates for this new model are somewhat promising when the probability threshold is set to 0.5, it correctly predicts half (63 of 127) of the dust clump sources with associated water masers, and it correctly predicts 144 of the 166 dust clumps with no associated water masers. It is easy to understand why such a model would fail on a high number of the dust clumps with associated water masers, since we know that these sources have higher peak flux densities on average, but as can be seen in Fig. 5 , there is a large overlap in the range of values of this property between those clumps with associated water masers and those without. This is consistent with a number of dust clumps with associated water masers having apparently low peak flux densities, since they are located at the far distance. Therefore a peak flux density measurement that is scaled with reliable distance measurements (a pseudo luminosity) may offer a promising model. Likewise, a reliable model may be derived from radius measurements that have correctly accounted for distances.
A new model based on 1.2-mm dust clump radius
Since the model for water maser presence presented in Breen et al. (2007) uses only the dust clump radius to predict the probability of associated water maser presence, for comparison, a model using only dust clump radius has been produced from this new data. The resultant estimated regression relation is log pi 1 − pi = −0.981 + 1.45x radius , where x radius is the radius of the 1.2-mm dust clump, and pi is the probability of finding a water maser towards the i th 1.2-mm dust clump. The regression summary of this model is shown in Table 9 . Since only one dust clump property is present in the regression relation, it is easy to determine the physical implications of the model. For example, if the probability of water maser presence is set to 0.5, the corresponding dust clump radius is 0.68 pc. This means that the model is saying that 1.2-mm dust clumps with a radius of 0.68 pc (or higher) have a probability of 0.5 (or higher) of having an associated water maser. In comparison, the model presented by Breen et al. (2007) predicts that 1.2-mm dust clumps with radii greater than 1.25 pc for the same probability threshold of 0.5 will have associated water masers. The model produced with the current data, predicts that water masers are associated with much smaller dust clumps (about half the size; which is perhaps not surprising given that these observations are of much higher sensitivity), albeit relatively poorly. The misclassification rates from this new model are poor, particularly in determining which clumps will have associated water masers (which it gets wrong two-thirds of the time). The poorly constrained distance measurements are therefore having a large effect on our ability to model the water maser presence within the 1.2-mm dust clumps. However, the higher accuracy of the models in predicting the sources without associated water masers correctly, may indicate that there is a population of sources that are significantly far from the properties of the clumps that exhibit water masers that not even a change from near to far distance would boost them to a high probability of water maser presence. Therefore, from the current data we have been unable to derive an adequate model for water maser presence from dust clump radius.
CONCLUSION
We find water maser emission towards 128 of the 294 1.2-mm dust clumps searched. In total, we detect 165 distinct water maser sites and most are either new, or achieve accurate positions for the first time.
There is an excellent correspondence between the positions of the water masers and the peaks of the 1.2-mm dust clumps in the majority of sources. In addition to the water masers that we detect towards our target 1.2-mm dust clumps, we detect four sources towards regions apparently devoid of dust continuum emission (from comparison between the water maser locations and the 1.2-mm continuum maps of Hill et al. (2005) ). We suggest that two of these sources may be located at the far distance which has resulted in lower sensitivity 1.2-mm continuum observations towards these sources. Hill et al. (2005) allocated their 404 1.2-mm dust clumps in their catalogue the following categories: associated with a 6.7-GHz methanol maser; associated with both a methanol maser and 8-GHz radio continuum; associated with radio continuum only; and millimetre only, i.e. not associated with either methanol masers or radio continuum. We have assessed our detection rates of water masers towards the dust clumps in each of these categories. The highest water maser detection rates are towards dust clumps which are associated with methanol masers (both with and without radio continuum), and the lowest detection rate is towards the millimetre only sources (although at 23 per cent, this detection rate is still quite high). We additionally find that there are more dust clumps that are only associated with water masers (41) than are only associated with methanol masers (13). This suggests that water masers can be present at an even earlier evolutionary stage than methanol masers.
Comparison between the 1.2-mm dust clump properties with and without associated water maser emission, shows (similarly to results of Breen et al. (2007) ) that the water masers are associated with the bigger, more massive sources with higher peak and integrated flux densities. There is a trend whereby the more luminous water masers are associated with 1.2-mm dust clumps with lower H2 number densities than the less luminous water masers. This trend is also seen in the case of both 6.7-and 12.2-GHz methanol masers (Breen et al. 2010a .
Like the 6.7-and 12.2-GHz methanol masers presented by Breen et al. (2011) we find that there is evidence for both the luminosity and the velocity range of the water masers to increase as the sources evolve. This implies that the gas volume conducive to the maser emission also increases with evolution. The water maser sources show evidence for this trend to 'turn over' towards the end of their lifetime, presumably showing a decline in both luminosity and velocity range until the emission ceases.
We have used these water maser observations to test the model for water maser presence towards 1.2-mm dust clumps presented in Breen et al. (2007) . We find that there is a large number of water maser detections towards dust sources for which the computed probability of water maser presence in greater than 0.01, with a detection rate of 67 per cent towards these sources. However, since the number of clumps where we detect water maser emission (128) is higher than the number of clumps for which the probability of water maser presence is greater than 0.01 (58) it is clear the the model needs some refinement. The inadequacy of the current model may be (at least partially) attributed to the adoption of the near kinematic distance for sources where distance ambiguities exist, since an assignment of the far distance would result in a larger probability in sources where the water masers are detected.
We have attempted to create a new model for water maser presence towards 1.2-mm dust clumps, but find that we are severely limited by distance uncertainties. Our analysis shows that the prospects of creating a reliable model for water maser presence within 1.2-mm dust clumps is high when reliable distances can be assigned to the sources. Comparing the success of our model with that of Palla et al. (1991) shows that our model has much greater success in predicting water maser detectability.
A crude evolutionary implication of our derived model (in conjunction with the original model we present by Breen et al. (2007) ), is that dust clumps with radii equal to 0.97±0.29 pc (calculated using the difference between the radii threshold implied from each model) have a 50 per cent chance of forming one or more sources that are able to excite water maser emission. Although a simplistic view, this
